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ABSTRACT 

This  r e p o r t  p re sen t s  a n  ana lys i s  of the Ascent 
portion of the GT-4  flight. 
the Ascent phase of the mis s ion  was n e a r  perfect.  The 
r e su l t s  of the analysis indicate that the in-plane s y s t e m  
navigation components were  within lQof idea l  per formance .  
With the exception of Stage I1 guidance initiation, the 
maximum IGS pitch and yaw attitude e r r o r s  s een  during 
fl ight were  l e s s  than Zo and 1. 2 5 O ,  respectively.  
operation anomal ies  were  observed  during the ascent  phase 
of the flight. 

IGS s y s t e m  per formance  during 

N o  GDC 

UNCLASSIFIED 
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UNCLASSIFIED 
I. Introduction 

This r e p o r t  p r e s e n t s  the resul ts  of the analysis  of the per formance  of the 
on-board computer  during the a s c e n t  phase of the GT-4  flight. 

The purpose of this s tudy was to verify that no anomalies  o c c u r r e d  in  the 
computer  o r  i t s  p r o g r a m  during the pre-launch and ascent  phases  of the flight. 
The study was made using the Operational P r o g r a m  interpret ive simulation which 
executes  a Gemini  computer  p r o g r a m  tape (magnet ic)  on the 7090 DPS. 
s imulat ion u s e s  fixed point a r i thmet ic  and Gemini computer word length. A l so ,  
s e v e r a l  assoc ia ted  simulation runs  were made using the FORTRAN model of the 
GDC a s c e n t  mode. 
Refercnce 1. 
d i s c u s s e d  in  the sect ions to follow. 

The 

The implementation of the study i s  d i scussed  in detai l  in 
The r e s u l t s  obtained f rom the analysis  of the GT-4  flight a r e  

UNCLASSlFIED 
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11. Discussion of Ascent  Fl ight  Reconstruct ion 

Appendix A contains a tabulation of the DAS da ta  obtained f r o m  the 
GT-4  flight. The da ta  was obtained f r o m  one t e l eme t ry  s ta t ion and, therefore ,  
has  s e v e r a l  d i sc re t e  a r e a s  where da ta  is i n c o r r e c t  o r  missing.  
DAS pa rame te r  t ime h i s to r i e s  a r e  sufficiently complete to allow compar ison  with 
the flight reconstruct ion da ta  which is included in  graphical  f o r m  in Appendix B. 
The data  presented in Appendix B was der ived  using the GT-4 Operat ional  P r o g r a m  
as s imulated on the 7090 DPS. 
a r i thmet ic  and logic operat ions in  a manner  ident ical  to the GDC including fixed 
point a r i thmet ic  and p a r a m e t e r  scaling. 
this s imulat ion a s  well  a s  suggested improvements  to  the techniques used a r e  
descr ibed  in Reference 1. 
s ince authorization to do s o  has  not been obtained. 

However, the 

This simulation pe r fo rms  a l l  the Gemini 

Additional detai ls  on the operation of 

These improvements  have .as  yet not been implemented 

The remainder  of this sect ion desc r ibes  and explains the various data  
obtained f r o m  the flight and through miss ion  reconstruct ion.  
the following general  a r e a s  of in te res t :  

I t  is divided into 

A. Gimbal Angle and Attitude E r r o r  Behavior 

B. Posit ion and Velocity Comparisons 

C. P la t form Azimuth Alignment 

D. IGS Injection Conditions 

E. Navigation Accuracy  

F. IVAR and IVI Operation 

G. IGS Di sc re t e s  and Lift-off Synchronization 

UNCLASSIFIED 
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A.  Gimbal  Angle and Attitude E r r o r  Behavior 

F i g u r e s  1 through 3 p re sen t  a compar ison  of the p r i m a r y  and 
back-up s y s t e m  attitude e r r o r s .  
f r o m  lift-off through SECO revealed no unusual o r  unexpected behavior. 

Inspection of the IGS att i tude e r r o r s  

The differences noted in the Stage I pitch att i tude e r r o r  a r e  
belived due to pitch p r o g r a m m e r  e r r o r  in  the p r i m a r y  s y s t e m  and 
pitch p r o g r a m  s t a r t  t ime uncertaint ies  in  the back-up sys tem.  At 
Stage I1 guidance initiation the IGS pitch att i tude e r r o r  reached a 
maximum of t14'. This was a considerable dec rease  compared  to 
the GT-3  fl ight where this s a m e  signal reached  a maximum of t23O. 
Thus the changes to the pitch p rogram made fo r  the GT-4  miss ion  
resu l ted  in a s izable  improvement.  

The t 1 .  5 to t 2 O  attitude e r r o r  between 190 seconds and SECO 
ref lec ts  the sensi t ivi ty  of the IGS equations.to alt i tude and rad ia l  
velocity e r r o r s .  Bo.th the IGS targeted r ad ia l  velocity and altitude 
were  biased to compensate f o r  IGS guidance and navigation e r r o r s  
s een  in the IGS Predic ted  Per formance  Repor t  (Reference 2) .  
b iased values tended to inc rease  the IGS e r r o r  s een  on te lemet ry .  
The inser t ion  conditions l i s ted  i n  Section D a l s o  indicate that the 
vehicle was considerably above targeted alt i tude and had a significant 
amount  of radialveloci ty  a t  injection. This would tend to indicate 
that  the IGS attitude commands might have improved the injection 
conditions had a switchover been made. 

These 

The yaw attitude e r r o r  signal seen  in F igu re  2 indicates good 
ag reemen t  between the IGS and RGS sys t ems  during Stage I operation. 
During Stage I1 the behavior of the yaw att i tude e r r o r  s ignals  i s  very  
s i m i l a r  to that s'een and reported in the GT-3  miss ion  ( see  Reference 1). 
The difference between the p r imary  and back-up sys t em attitude e r r o r  
i n  general is l e s s  than lo. A s  SECO i s  approached i t  is noted that the 
IGS e r r o r  is changing rapidly,  increasing to nea r  - l o  jus t  p r i o r  to 
SECO. This is evidently due to the out-of-plane velocity measured  by 
the IGS which r equ i r e s  a yaw right cor rec t ion  by the iaunch vehicle to 
null the component. 

1 
I 

, 
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UNCLASSIFIED 
A. (Continued) 

The roll  attitude e r r o r  compar ison  provided in F igu re  3 
readi ly  i l lustrates  s e v e r a l  per turba t ions  which a r e  affecting the 
r o l l  orientation of the vehicle on the flight. The m o s t  obvious 
a r e  the engine misa l ignments  along the ro l l  ax is  (note the change 
in  ro l l  e r r o r  a t  staging) and the TARS ro l l  gy ro  d r i f t  r a t e s  a t  high 
acce lera t ion  (note the change in IGS ro l l  e r r o r  between 100 and 150 
seconds and 260 to 330 seconds).  
to o r  l e s s  than those seen  on GT-3. 

The effects a r e  somewhat  s i m i l a r  

Inspection of the ro l l  gimbal angle da ta  indicate the vehiclc 
rolled 12. 78' dur ing  the ro l l  p r o g r a m  as compared  to 12. 9 O  which 
was des i r ed .  

Immediately following SEGO, a significant change i s  noted in 
the pitch attitude of the vehicle. This is due to a pitch up r a t e  on 
the vehicle which is f i r s t  s een  a t  SEGO. 
seconds the platform pitch gimbal angle i n c r e a s e s  f r o m  - 12. 5O to -. 25 
attitude e r r o r .  

Between 333. 5 and 350 

0 and a corresponding change is therefore  noted in the IGS pitch 

At  354.2 the rendezvous equations a r e  en tered  as evidenced by 

corresponding to  th-. counter clockwise rotation requi red  to put 
the sudden sh i f t s  in IGS attitude e r r o r .  
+86 
the as t ronauts  i n  a heads  up orientation. The pitch attitude e r r o r  s igna l  
is +9O reflecting the pitch down maneuver  requi red  to put the spacec ra f t  
in a horizontal attitude. The yaw attitude e r r o r  r eaches  -25O ref lec t ing  
the yaw right rotation of the vehicle requi red  to c o r r e c t  the IGS 
out-of-plane velocity when fo rward  thrusting is applied. 

The ro l l  e r r o r  signal r e a c h e s  
0 

B. Position and Velocity. Compar isons  

Table 1 compares  the in-fl ight DAS navigation da ta  with similar 
da ta  der ived  f r o m  miss ion  recons t ruc t ion  using the FORTRAN and 
Operational P r o g r a m  simulations.  Inspection of this da ta  indicates tha t  
a bit-for-bit  compar ison  was not obtained in e i the r  recons t ruc t ion  
simulation, nor is  it  immedia te ly  obvious that one simulation provides  a 
be t te r  reproduction of the flight than the o ther .  
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UNCLASSIFIED 
B. (Continued) 

The l a r g e s t  position difference between the flight r e su l t s  and 

Inspection will show 
those obtained through reconstruct ion is seen  in the X component of 
the FORTRAN Run (451 fee t  at 359 seconds) .  
that  the FORTRAN r e s u l t  is within 38 fee t  of the Operat ional  P r o g r a m  
resu l t .  The ma jo r  contr ibutors  to the 451 foot difference a re :  ( 1 )  
insufficient flight data  i n  the a r e a  of SECO, and ( 2 )  a t ime e r r o r  a t  307 
seconds which introduced a per turbat ion into the acce lera t ion  profile 
at that  t ime. F o r  this f l ight,  a DAS f r a m e  containing da ta  f r o m  the 
computation cycle immediately preceeding en t ry  to the SECO 
countdown loop was not generated,  thus making i t  impossible  to 
accura te ly  recons t ruc t  the accelerat ion profile in  that a r e a .  
approximation for  the accelerat ion level  nea r  SEGO used during post  
flight reconstruct ion resul ted in the position e r r o r  noted. 
synchronization of flights GT-2 and GT-3  was such that da ta  generated 
in the computation cycle pr ior  to en t ry  to  the SEGO countdown was 
t ransmi t ted ,  allowing m o r e  accura te  reconstruct ion of the flight profile.  
I t  should be noted that t ime quantization i s  not a significant problem in  
the GT-4 data  s ince  the t ime t ransmi t ted  has  been resca led  and i s  
accura te  to 1 mill isecond. 

The 

DAS f r a m e  

The recons t ruc ted  velocit ies,  with the exception of the Z 
component following platform re l ease  and all components nea r  SEGO, 
a r e  within . 5 f t / s e c  of the flight values.  The Z velocity difference 
a f t e r  platform re l ease  is . 7 f t / s e c  in  the Operat ional  P r o g r a m  run. 
This difference is at t r ibuted to an e r r o r  of one quanta (. 036 d e g r e e s )  in  
reconstruct ing the rol l  gimbal angle a t  platform re lease .  
difference appears  when th.e rol l  gimbal angle is used to obtain a 
m e a s u r e  of platform azimuth misal ignment  and to r ev i se  the velocity 
ini t ia l  conditions based on the detected misalignment.  
differences a t  SEGO a r e  attr ibuted to the accelerat ion prof i le  
reconstruct ion which was discussed in the previous paragraph.  
effects  of the azimuth updates on the posit ion and velocity da ta  is a l s o  
seen  in  this table. 
which was . 7 f t / s e c  a t  platform re l ease ,  reduces  to . 35 f t / s e c  following 
both updates.  

The velocity 

Velocity 

The 

The Operational P r o g r a m  Z velocity difference,  

. 
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UNCLASSIFIED 
B. (Continued) 

The reasons  why a b i t - for -b i t  recons t ruc t ion  of the flight da ta  
Severa l  of the m o r e  s ignif icant  f ac to r s  

The p r i m a r y  l imitat ion is in  the te lemet ry  a r e a ,  
was not obtained a r e  many. 
will be discussed.  
i n  that  all the inputs to  the IGS a r e  not monitored. 
was not available thus had to be recons t ruc ted  and supplied as an  
input to the Operat ional  P r o g r a m .  
polation between da ta  points,  and as exhibited in  the Stage I1 pitch 
att i tude e r r o r ,  a m o r e  sophis t icated f i t  should be used  to remove 
the apparent  noise induced by l inear  interpolation. 
used in this ana lys i s  is the assumption that  all t e l eme t ry  da ta  is valid 
a t  the te lemetered  " t ime f r o m  lift-off' ' i n  the qscent  mode. This  
assumption is  acceptable fo r  the summed acce lera t ion  da ta ,  but the gimbal 
angles ,  velocit ies,  posit ions,  etc.  , all requi re  " t ime tagging" in  o r d e r  
to conform with the " t ime f r o m  lift-off' ' t ime base.  A th i rd  l imitat ion 
is  the accuracy  to which computation cycle t imes  can be reconstructed.  
F a i l u r e  to recons t ruc t  the t ime of each computation cycle exact ly  will  
a l s o  f rus t r a t e  a t tempts  at bi t - for-bi t  repeatabil i ty.  

The da ta  which 

This ana lys i s  used l i nea r  i n t e r -  

A second l imitat ion 

The manner  in which the DCS constants a r e  loaded into the 
The DCS simulat ion a l so  contributed slightly to the differences.  

p a r a m e t e r s  were  loaded in  dec imal  and following conversion to octal ,  
i t  was noted that  they differed f r o m  the octal  value loaded fo r  flight in  
the l e a s t  significant bit. 

In summary ,  it is fe l t  that  bi t - for-bi t  repeatabi l i ty  under the 
p r e s e n t  c i rcumstances  would be r a the r  difficult to achieve,  and 
cer ta in ly  would requi re  a considerable  amount  of t ime and manpower 
to  overcome some of the obstacles  mentioned above. I t  is fe l t  that  both 
the FORTRAN and the Operat ional  P r o g r a m  resu l t s  produced acceptable  
reconstruct ion of the flight p a r a m e t e r s  and i t  is thought that  a l imited 
amount  of effort  i n  the a r e a  of f i l ter ing o r  smoothing the da ta  and in t e r -  
mediate  computation cycle reconstruct ion would r e su l t  in a reduction in  
the differences noted. 
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- 7  - 

a, 
Gc 
Y 

c 
0 
.d c, 
.r( 

01 

2- 

m m o  
m m N  

m m o  
N t - 9  . . .  
r - r - t -  * * *  
N N N  
I l l  

. . .  
0-4-4 cococo 
N N N  

I l l  

0 * 9  
N m N  
m m m  * * *  
c o c o a 0  

. . .  
4 4 4  

I l l  

N O 0  t - m c o  
m n m m  . . .  0 0 0  N r - 9  

m l n l n  N N W  
4 0 0  . . .  m m m  

9 9 9  
N N N  

. . .  
N N N  
N N N  

9 9 9  m m m  
N N N  
0000co 
N N N  

. . .  
4 4 4  

mlnr-  
0-44 

N N N  
co00Co 
N N N  

. . .  
4 4 4  

. . .  
N N N  
c o c o a 0  
N N N  
4 4 4  

N( 
+ 
a, 

ot-r- 
N-44 
m m m  
m o m  
0 0 0  m m m  
0 0 0  
N N  N 

I l l  

c o N m  
O d *  m m m  
m m m  
0 0 0  4 - 4 4  

- 4 4  

N N N  
1 1 1  

3 



- 8 -  

9 N 0 .  
0 9 m  

* * *  
. . .  

- 4 4 4  

I l l  

P * O  
* N O  

9 r - t c  
N N N  

. . .  
I l l  

FJI 

PI 

> 

* 9 N  
0.40 

0.0 0 
m a 9  
0 0. 0 
N N N  

I l l  

. . .  r - r - 0  
r - * F  
03co03 
999 m m m  * * *  
. . .  

N N N  
999 
m m m  

o m 0  
m 0 3 0 .  

M N N  
m m m  
a 9 9  

. . .  
4 4 4  
4 4 4  

0.00 .  
9 0 4  

4 N *  
m c o o  
444 
0 0 0  
m m m  
l n l n m  
N N N  

. . .  
t c r - t c  
4 4 4  

s s s  
N N N  

m m m  
lnlnln 
N N N  

n r - m  

* * *  
2 2 2  

I l l  

* * *  
4 4 4  

I l l  

c 
c, 
al 
al 

Gc 

C 
0 

- 
.rl c, 
.r( 

(0 

i 

O N m  
0 9 P  
m N N  

N r - 0  
4 N l n  
999 m m m  
0 0 0  

6 6 0  
* * a  
0'0.0. 
0 0 0  

4 4 4  

lnlnln 
N N N  
4-44 
N N N  

I l l  

N N N  

N N N  
- 4 4 4  

1 1 '  

4 4 4  

N N N  
I l l  

N N N  
I l l  

0 4 0 3  
9-44 
N N N  

-0.0.  
0.0.0. 

4 4 4  
4 4 4  

m m m  

h 

a 
al 
3 
C 

C 
0 u 

.rl c1 

Y 

I l l  



- 9 -  

UNCLASSIFIED 
C .  Pla t form Azimuth Alignment 

. 
Reconstruction of the in-flight DAS data indicated that the 

platform ro l l  gimbal angle a t  the t ime of platform re l ease  was within 
one quanta (. 036O) of the value des i red  by the IGS. 
the GDC was 77.976 degrees  (2166 quanta) and the commanded ro l l  
gimbal angle was 77. 944 degrees .  

The value read by 

The in-flight results indicated that both azimuth updates were 
Table 2 l i s t s  the platform received and properly used by the GDC. 

azimuth alignment values obtained f r o m  the flight reconstruction 
runs.  
update i s  l e s s  than 4 SG and would contribute l e s s  than a . 5 f t l s e c  
out-of-plane velocity difference a t  SECO. 

The difference in misalignment es t imates  af ter  the 140 second 

UNCLASSIFIED 
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D. IGS Injection Conditions 

Table 3 presents  the IGS measured injection conditions 
obtained during the flight and those obtained via reconstruction. 
The table a l so  l i s t s  the quoted inser t ion conditions obtained f r o m  
the flight f o r  comparison with the IGS resul ts .  Column 4 of the 
table l i s t s  the IGS navigation e r r o r s  as  measu red  by STL.  These 
e r r o r s  have been combined with the inser t ion conditions l isted in 
Column 1 and the r e su l t s  a r e  entered in  Column 5 of the table.  A 
comparison of this data with the quoted inser t ion conditions indicates 
that some inconsistencies may exis t  (See Section E). 

Had a switchover to the IGS been accomplished e a r l y  during 
flight, the following conditions would r e s u l t  at SEGO t 20: 

V = 25760.6 *4. 9 f t / s e c  
R = 21438860 ft r = - 0  deg 
VR = 0 f t /sec 

All of the above numbers a re  based on the perturbations 

The injection conditions would resul t  in lowering 

The IVAR corrections following SECO t 20 would 

suggested by Table 3 and predicted navigation e r r o r s  reported in 
Reference 2. 
per igee 1470 feet  and raising apogee 49200 f 16880 feet f rom the 
flight values.  
p e r m i t  the ast ronauts  to: ( I )  add 10 f t / s e c  separation velocity, 
(2)  c o r r e c t  for thrust  tail-off deficiency, and ( 3 )  c o r r e c t  for IGS 
SECO delivery uncertainty (*. 022 second). The orbi t  achieved 
using IGS guidance would therefore have had a per igee of 81 nm 
and a n  apogee of 163.6 nm which a g r e e s  quite closely with the 
des i red  81 - 161 n m  orbit .  
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E. Navigation Accuracy 

Table 3 quotes the IGS velocity and position e r r o r s  a t  
SEGO t 20. As can be noted, the worst  e r r o r  is seen  along the  
Z-axis (perpendicular to the orbi t  plane). 
formance standpoint, this flight far surpassed  the accurac ies  
obtained during Ascent on G T - 2  and GT-3. The in-plane com- 
ponent platform e r r o r s  (X and Y-axis) were  on the o r d e r  of 5 FPS 
a t  SEGO whereas  the out-of-plane e r r o r  was approximately 11 FPS. 
Thus, platform performance was within 1 o r  2 CT of nominal. 

F r o m  the platform p e r -  

iu'ote the differences between the cor rec ted  IGS flight values 
(Column 5 )  and the quoted insertion conditions. Ideally the IGS values 
a f t e r  correct ion for  the measured navigation e r r o r s  should a g r e e  with 
the quoted injection conditions. Any differences which a r e  noted must  
be attr ibuted to either 
e r r o r  o r  e r r o r s  i n  quoted insertion conditions. 
par t icular  area be  fur ther  pursued by NASA in an attempt to resolve 
these differences.  

inaccuracies in the est imates  of IGS navigation 
It is suggested this 

I -  
I 
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UWC LASSlFlED 
F. IVAR and IVI  Operation 

The attached table l i s t s  the IVI and FDI readings following 
SECO t 20. These readings were  obtained f r o m  the post-fl ight r e -  
construction simulation. The rol l  attitude e r r o r  is  init ially saturated 
(unlimited value is 86 degrees)  and the flight data indicates that the 
ast ronaut  did not begin rolling the spacecraf t  to the heads up or ienta-  
tion until 375 seconds (approximately 40 seconds af ter  SECO). 
roll  maneuver was completed a t  398 seconds with a result ing ro l l  
gimbal angle of s ix  degrees .  
9 . 3  degrees ,  indicating a des i red  pitch down to a local horizontal  
attitude. This maneuver  is not made and the att i tude e r r o r  i nc reases  
to 15 .8  degrees  as the spacecraf t  downrange angle inc reases .  The 
yaw attitude e r r o r  i s  seen to be a t  a saturated yaw right command 
(unlimited value i s  - 24. 9 degrees ,  initially) following SECO t 20. 
This occurs  s ince the required out-of-plane correct ion ( -  19.8 f t /  
sec)  i s  l a rge  with respec t  to the in-plane correct ion (26 f t / s ec ) .  
g ram limiting r e s t r i c t s  the out-of-plane co.rrection to one half of the 
in-plane correction which resu l t s  in yaw attitude commands of approxi- 
mately 25 degrees .  The IVI readings indicate that the ast ronaut  
thrusted forward to gain 6 f t / s e c  during the separat ion maneuver .  

The 

The pitch attitude e r r o r  reads  init ially 

P r o -  

UNCLASSIFIED 
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I 
I 
I .  
1 
I 

8 .  

T ime 
(Set) 

353.8 
354.1 
354.5 
358.6 
360.2 
362. 7 
366.6 
367. 5 
368.3 
369.0 
375.0 
380.4 
381. 1 
382. 8 
383. 5 
384.4 
385.2 
386.0 
387.6 
388.4 
390.0 
390.8 
393.2 
394.9 
395.6 
398.0 

Convention: 

IVI-x 
(F t /Sec )  

26 
26 
26 
26 
26 
26 
23 
23 
23 
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20  

IVI-x  

t Forward  
- A F T  

TABLE 4 - IVAR OPERATION 

IVI- Y IVI- z A0 
F t/Se c ) Ft /Sec)  P e g )  

0 
5 
5 
5 
4 
3 
3 
4 
4 
4 
5 
7 
7 
9 
9 
9 

11 
11 
12 
12 
1 3  
13  
13 
12 
12 
12 

0 
0 

- 12 
-11 
-11 
-11 
-11 
-11 
- 10 
- 10 
- 10 
- 10 

- 9  
- 9  
- 7  
- 7  
- 7  
- 4  
- 4  
- 2  
- 2  
t 1  

3 
3 
4 
5 

IVI- Y 

t Right 
- Left 

9.3 
9.3 
9.2 
9. 1 
7.4 
7.0 
8.4 
9.1 
9.6 

10.1 
11.3 
12.6 
12. 8 
13. 1 
13. 3 
13.4 
13. 6 
13. 7 
13. 9 
14. 0 
14. 3 
14.4 
14.8 
15.2 
15. 3 
15. 8 

W - (Deg) 

-24.9 
-24.8 
-24 .7  
-23.9 
-23 .7  
-23.7 
-24.9 
-25 .1  
-25 .2  
-25.3 
-26.2 
-26.9 
-27.0 
-27.3 
-27.5 
-27 .7  
-27.8 
-28 .0  
-28 .2  
-28.4 
-28.7 

-29.3 
-29.5 
-29.6 

-28.9 

-29 .9  

IVI- z 

t Down 
- UP 

A0 
(Deg) 

86.0 
86. 1 
86. 3 
88.2 
88. 8 
89. 5 
88. 7 
88. 5 
88. 3 
88. 2 
87. 8 
76. 0 
71.6 
62.0 
57.5 
52. 3 
47. 8 
43.3 
36.0 
32. 5 
23. 5 
19.4 
11.1 

7. 8 
6. 3 
6.0 

UHCLASSIIFIED 
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G. IGS Discretes  and Lift-off Svnchronization 

Detailed analysis of IGS t ime s ince lift-off, "t" , and 
comparison with range t ime provides an  est imate  of lift-off 
synchronization (See Reference 1 Section IV-G). 
the analysis  indicated the ICs  was 20. 5 t 1 5  mill iseconds late in the 
determination of lift-off. 
ex is t  in  a program constant used in lift-off determination ( see  IBM 
Report  #65-554-0042, Reference 3). 
apparent  delay in  IGS lift-off synchronization. 
accuracy  obtained f r o m  this flight appears  reasonable.  

On this flight 

An e r r o r  of gmi l l i s econds  is  known to 

This e r r o r  resu l t s  in an 
Thus the synchronization 

Table 5 p resents  a l i s t s  of various d iscre te  events issued o r  
controlled by the IGS. In par t icular ,  note the SEGO time. The 
number quoted was obtained f rom MAC and differs f r o m  a NASA 
quoted number of 333.704 t o  
SEGO was analyzed in detai l  in o r d e r  to determine which of the two 
numbers  appeared more  reasonable.  F i r s t ,  i t  was noted that a f r ame  
of data was available during the SECO countdown (333. 499 seconds).  
Since the IGS updates e lapsed t ime f rom lift-off, "t", every  43 
mill iseconds during this period an  est imate  of lift-off synchronization 
was obtained a t  this time. 
t ime by 15 t 2 2  mill iseconds.  This figure agreed  fa i r ly  well with the t ime 
synchronization reported in the previous paragraph.  IGS "time to go",  
TG, in the immediate a r e a  p r io r  to SECO was then used to es t imate  when 
the SECO discrete  was issued.  This indicated the d iscre te  was issued 
a t  333. 726 +a22 seconds a f te r  lift-off. 

seconds.  The IGS data in the a r e a  near  -. 1 

This was found to indicate the IGS lagged r ea l  

- 

- 

Another time est imate  of 333. 750 t .  0 2 2  seconds was obtained using 
the f i r s t  IGS f rame following SEGO and reconstructing the IGS f r a m e s  
back to SEGO,  
more  reasonable in light of the IGS data.  

Therefore ,  the MAC quoted SEGO t ime appears  a bit 

I t  i s  suggested that the procedure to be used in t ime alignment and 
correct ion of d i scre tes  be reviewed in o rde r  to improve the agreement  
between the MAC and NASA resul ts .  

In conclusion i t  is felt  the MAC quoted SEGO t ime better fits the 
facts  presented by other  IGS data and should be officially quoted. The 
IGS SEGO time i s  thus compatible with the RGS quoted t ime of 333. 744 
s e conds . 

Analysis of the IGS velocity data in the a r e a  n e a r  SEGO provided 
an  est imate  of 79 t 2 5  FPS fo r  the Stage I1 engine cutoff impulse.  The 
uncertainty is r a the r  large s ince a f r a m e  of IGS data  was not available 
in the immediate SEGO a r e a  due to a DAS f r a m e  sync during the SECO 
countdown. 

J 
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Time (1)  
( s e c )  

TABLE 5 - IGS DISCRETE EVENTS 

Event Comments 

-3.771-3.34 Pla t form Release Based on reconstruction of the 
IGS position and velocity data in  the 
t ime period p r i o r  to platform 
r e  l ea s  e through lift- off . 

0 

10. 38 

20.33 

22.87 

88. 59 

105.25 

105.273 

119.23 

146.068 

168.049 

333. 776 

354. 848 

Lift- off IGS lift-off sync was late by 
20. 5 t 1 5  m seconds. 

Roll P r o g r a m  Initiate 

Roll  P r o g r a m  Termination 

S ta r t  Pitch Step 1 

S t a r t  Pitch Step 2 

Gain Change 

Receipt of F i r s t  Update 
(Value - -358.25 F P S )  

Time quoted is DAS time in mode 
when update is seen on telemetry.  

S t a r t  Pitch Step 3 

Receipt of Second Update 
(Value - -254; 5 F P S )  

Time quoted is DAS time in  mode 
when update is seen on telemetry.  

Time Stage I1 Guidance Time quoted is the time a t  which 
Initiate attitude e r r o r  signals,  generated by 

the IGS Stage 11 equations, a r e  first 
sen t  to the autopilot. 

IGS SECO 

-. 078 secs .  ) 

Time quoted was obtained f r o m  MAC 
(uncertainty t. 022,  ( see  text!. 

IVAR Initiation Time is again quoted to ref lect  the 
t ime a t  which IVAR attitude e r r o r s  
a r e  f i r s t  displayed. 

(1)  All t imes a r e  quoted based on GDC clock readings.  
cor rec ted  fo r  lift-off sync e r r o r s .  

The t imes a r e  not 



CONFIDENTIAL 
111. Conclusions 

The following conclusions a r e  formed based on the analysis  performed 
and documented in this report :  

1. IGS system performance during the Ascent portion of this 
No discrepancies  can b e  found mission was nea r  perfect .  

in the operation of the digital computer o r  i t s  output during 
the Ascent portion of the mission. 

2. IGS navigation e r r o r s  a t  SEGO t 20 were  approximately 
- 4.2 ,  - 5 . 6 ,  and t 11 F P S  on the X ,  Y,  a'nd Z-axes,  
respectively. This resul ted in IGS e r r o r s  of approximately 
5 FPS  in velocity magnitude and 9 FPS  in the out-of-plane 
direction. 

3 .  IMU performance was within 1 o r  2 0- of nominal. 

4. With the exception of the attitude e r r o r s  seen a t  Stage I1 
guidance initiation, the maximum IGS pitch and yaw att i tude 
e r r o r  seen during flight were  l e s s  than 2 "  and 1 .25" ,  
respectively. 

5. IGS was successful  in accepting a i rborne  azimuth updates 
and reducing whal could have been a potential 50 FPS  
out-of-plane velocity e r r o r  to one l e s s  than 10 FPS. The 
calculated platform misalignment on this  flight was on the 
order  of - . 12". 

6 .  IGS lift-off synchronization was established la te  by 20 f 15  
milliseconds. 

CONFIDENTIAL 



- 19 - 
I 
I 
I 
I 
I 
I 
I 

I .  
1 
I 
I 

I 
i 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
I 

UNCLASSIFIED 
IV .  Re commendat ions 

The analysis  per formed did not resu l t  in any recommendation in the 
GDC analytic equation area. However, the following recommendations a r e  
made: 

A. GDC DAS Telemet ry  

In o r d e r  to make  the output m o r e  useful: 

to DAS telemetry.  This quantity defines the l )  
Add GDC v omputed value of platform azimuth misal ignment  
and should be te lemetered  a f t e r  platform re l ease  and 
a l l  azimuth updates. 

2 )  Add t ,  SFX, SFy, and S F Z  at SECO to DAS te lemet ry .  
These quantities would define the t ime  at which the SECO 
d i sc re t e  was issued by the IGS as well a s  the IGS 
measu red  values of summed accelerat ion.  
be par t icular ly  useful in the  evaluation of the engine cut- 
off impulse as  well as the t ime  at  which IGS SECO is  
issued.  

They would 

The above quantities can be made  available by multiplexing 
them with the V Z G  quantity which is cur ren t ly  available on te lemet ry .  
The software modifications required to the computer p rogram a re  
minimal. 

B. Analog Telemet ry  Data 

1) Add IGS computer- issued SECO d i sc re t e  to Mart in  
te lemet ry  to be sampled a t  a 400 cps rate .  This  will 
allow accurate  evaluation of the relat ive t ime displace- 
ment between the p r i m a r y  and backup SECO signals.  

C. St ar t  Computation Di s c r et  e 

1) It is snggested the "S tar t  Ccmp-ztation d i sc re t e  b e  
added to the Ascent mode which would requi re  the 
astronaut  to push the "Start Comp" button before the 
Ascent computations a r e  initiated. 
a n  "apparent" problem which appeared much l a t e r  during 
flight - a brief s u m m a r y  of which follows: 

This would eliminate 
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UNCLASSIFIEQ 
C. S ta r t  Computation Discrete  (cont'd) 

At 76 hours  and 50 minutes a f t e r  liftoff of the GT-4  
flight the DAS data  indicated the computer t ime in  mode, 
"t", s tar ted counting backwards.  Analysis of the data in- 
dicated the astronaut  had turned the mode switch f r o m  
Catch-up to Ascent to Prelaunch a t  this t ime.  Apparently 
the mode switch was left in the Ascent position f o r  a 
sufficient length of t ime to allow initialization and liftoff 
determination by the Ascent mode. 
mines liftoff using TE,  the elapsed t ime indicator.  In the 
process  of determining liftofftcomputer t i m e  in mode, "t" 
is set  equal to TE. Thus,when this occurred,  t in the com- 
puter  as well a s  t obtained via te lemet ry  overflowed, s ince 
the value obtained was much l a r g e r  than any reasonable 
value expected in  the Ascent mode. 
in  no way affected the computer o r  i t s  p rogram,  it did leave 
a "one" bit in the sign bit position of the te lemet ry  word. 
A "one" bit in this position of course i s  used to in t e rp re t  
the quantity a s  a negative data word. 
when the computer i s  turned to Prelaunch, this l a rge  "apparently 
negative" number began counting toward ze ro .  

The Ascent mode de te r -  

Although the overflow 

Since t i m e  i s  not zeroed 
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APPENDIX B 

FLIGHT RECONSTRUCTION GRAPHS 
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